I never met Professor Winslow, yet I was well acquainted with his work and had admired his outstanding contribution to public health long before Dr. Payne honored me with an invitation to give this Lecture. My first acquaintance was through his studies of industrial pulmonary disease' which he undertook with Leonard Greenburg over forty years ago. This exemplified Winslow the scientist, making detailed, painstaking measurements on which he based preventive action. In sand blasting, an occupation with an excessive mortality from silicosis, he and Greenburg found a way of reducing dust exposure three-hundred fold by providing the worker with a helmet and a respirator under positive pressure.! (Table 1) . This method is now widely used for protection against toxic dusts and fumes.
Later I became acquainted with Winslow, the public health statesman and philosopher, and began to understand the source of his power.3 May I dare to say to his friends and pupils who knew him so well that I believe this power sprang from the rare combination of an inquiring mind of the highest order and a strong impulse to help his fellow men? "Observation," said Winslow, "is only the basis of science, not science itself. We must think about what we observe. We must analyze and classify and interpret . . . and then act."' This advice, given to medical students in 1945, has surely to be followed by us, the proponents of public health and its science, epidemiology, if we are to accept the challenge of controlling the increasing burden of chronic sickness in our communities. Public Health has attracted those who want to take action without having first observed and those who observe without realizing that observation should be an active process, stimulating thought and leading by way of experimentation, analysis, and explanation to effective action. There is a place for both the scientist and the "do-gooder," but at present I believe the great need is for preventive action based on observation and followed by more observation to evaluate the efficacy of preventive measures.
I shall not generalize anymore; instead I propose to describe a chronic respiratory disease of textile workers, called byssinosis. It is known to occur in Europe, Africa, Asia, and North America.! Compared with chronic diseases like cancer, coronary heart disease, and rheumatism, it is a very small public health problem. Nevertheless, it illustrates in microcosm the difficulties of finding the extent and causes of a chronic disease in a community. It also shows that even if the causative factors can be identified it may still be very difficult to control them, unless done by some simple process of environmental manipulation. It is easy to misinterpret the etiology and misjudge the importance of a disease using traditional methods of analyzing mortality and morbidity data and investigating patients in hospital. Instead, a relatively new type of epidemiology is required-one that studies groups of people and the environmental and personal factors that together may cause a disease and influence its course. It is "clinical epidemiology which is concerned with the ecology of disease dealing with all the circumstances under which people get sick,"6 and which has been fostered so ably in this Medical School by Dr. John Paul.
Clinical epidemiology demands a different approach from hospital medicine since the unit of study is the group or family rather than the individual patient, and clinical skills have to be used rather differently. In hospitals most patients have unequivocal evidence of disease, and diagnosis seldom depends on a single examination. In field surveys, subjects are often examined only once and many are found to be normal or to have only early manifestations of disease. This necessitates more precise definition of the indices of disease than is usually required in hospital practice, as well as standardization of the techniques of measurement. 7 In the investigation of chronic respiratory disease, clinical epidemiologists have devoted considerable efforts to the standardization of questionnaires on chest symptoms, lung function tests, and radiological films. In community studies of hypertension, the conventional sphygmomanometer has been superseded by a more accurate method of measuring arterial pressure. In other fields, such as psychiatry, there is barely sufficient accuracy in the definition of mental illness and in its measurement to permit reliable epidemiological inquiry.
BYSSINOSIS THE CUNICAL HISTORY
In 1713 Ramazzini8 of Italy first described the asthmatic troubles of carders of hemp and flax. Patissier' in France gave the first account of a similar condition in cotton workers early in the nineteenth century. The term "byssinosis," derived from a Greek word meaning 'fine linen or flax,' was introduced by Prouste in 1877 as the name for the respiratory disease peculiar to textile workers that was characterized by chest tightness at the beginning of the working week. In the early stages of the disease the chest tightness is confined to Mondays (or the first day at work after an absence). On Tuesdays and other working days the worker has no symptoms. As the disease progresses the chest tightness, accompanied by dyspnea, extends to Tuesdays, then Wednesdays, and so on, until the worker is affected on every working day and has permanent and severe effort intolerance. He may die in the sixth or During the nineteenth century some general statements were made about the risk of respiratory disease in cotton operatives and its causes; general practitioners in the mill towns mentioned the injurious effects of inhaling cotton dust, the cold climate, and the sudden changes of temperature in passing to and from houses and factories. Two eminent physicians, Arlidge`and Oliver,' did not consider the manufacture of cotton to be a particularly unhealthy trade, and certainly less so than that of flax, jute, and hemp. The processing of cotton did not become fully mechanized until the end of the nineteenth century when the enclosed carding engine with fixed flats was replaced by the open machine which could be cleaned by a power-driven brush. This produced clouds of dust enveloping the strippers and grinders who cleaned and sharpened the teeth of the carding engines.
The first attempt to measure the health risk to these men was made by Edgar Collise in 1909. He examined 126 strippers and grinders and found 93 (74%) had the characteristic chest tightness on Mondays and 51 (40%o) were severely affected. In one mill the stripping brush was enclosed and attached to an exhaust system. Collis thought that if such a control measure were used in all mills the disease would cease to exist. This method of dust control had been universally adopted by about 1914, and later Collis' reported that the disease was rapidly disappearing. In 1934 Legge" referred to the satisfactory way in which the card room 58 Volume 37, August, 1964 dust had been controlled. But apparently no surveys of people were made to test this assumption and, alas, there was no Winslow to measure dust concentrations in the work rooms.
Mortality rates in England
By the 1930's the mortality rates of the strippers and grinders indicated that the risk of respiratory disease was declining'9 ( Fig. 1) . A Government committee' appointed at this time also took the view that byssinosis was a small and diminishing problem in the British cotton industry. Nevertheless, on its recommendation, a compensation scheme was introduced in 1942, presumably for the benefit of men who were the victims of conditions that no longer existed. Since byssinosis was considered to be a diminishing problem and was difficult to differentiate from chronic bronchitis endemic in Lancashire, compensation was restricted to totally disabled men who had been employed in the industry for at least 20 years. During the first six years of the scheme only 39 men were awarded disability pensions for byssinosis-a negligible number out of a population of some 15,000 workers heavily exposed to cotton dust. For the next few years no one paid any particular attention to the health of cotton workers until, quite unexpectedly, a leading article appeared in the British Medical Journal' in 1947, claiming that the inhalation of textile dusts resulted in a steady number of deaths from cardiovascular-renal diseases whose common factor was hyperpiesis.
I have little doubt that this conclusion was based entirely on occupational mortality rates. Indeed, the rising death rate from cardiovascularrenal diseases among the strippers and grinders also impressed me and my colleagues at Manchester University, and convinced us that this was an attractive and worth-while subject for research (Fig. 2) . It was hoped that it might even shed light on the etiology of cardiovascular disease in middle life, which is a serious problem in modern industrial communities. In 1947 we examined some 250 middle-aged men employed in ten cotton mills. The number with hypertension was small and did not suggest a serious occupational risk, but the men most exposed to dust were found to have significantly higher blood pressures than those least exposed.' A later study of cotton operatives in dusty and nondusty jobs failed to confirm this finding.' At first sight this was a small return for a laborious field survey, but we had learned how misleading occupational mortality rates can be. With hindsight it was clear that much, if not all, the cardiovascular-renal mortality excess among the strippers and grinders was due to deaths from respiratory disease and cor pulmonale wrongly allocated to the cardiovascular-renal group of diseases. Furthermore, like the three Princes of Serendip, we made an unexpected discovery: two-thirds of the 131 workers exposed to dust complained of chest tightness on Mondays and 15 appeared to be permanently and severely disabled with chronic respiratory disease. In addition, not only had the mortality rates been misleading with respect to male cotton workers, but they also had failed to reveal the risk of respiratory disease in women cotton workers who, for the purpose of calculating the rates, were grouped with all the other female textile workers.
Mortality rates in the U.S.A.
Early in this century, Winslow became interested in the risk of tuberculosis in the dusty trades. In 1905 he received a letter from Mr. Hoffman of the Prudential Assurance Company giving the number of deaths from respiratory disease and other causes among cotton operatives in Rhode Island during the period 1893 to 1902. Winslow did not pursue his inquiries in the cotton industry but concentrated on the siliceous trades in which he found the death rates from tuberculosis to be excessive.' I have taken the figures which he had for Rhode Island and calculated the expected number of deaths using the proportional mortality rates of all males aged 15-89 in this State. In the cotton operatives there are almost twice as many deaths as expected from consumption and pulmonary tuberculosis ( Table 2 ). If this rough estimate of the risk be true, how much of the mortality was due to byssinosis and how much to pulmonary tuberculosis, bearing in mind the difficulties of diagnosis at that time? As Mr. Hoffman suggested to Winslow, the nature and extent of the risk could only be determined by a detailed clinical study of cotton workers at risk. Winslow did not do this, possibly because there was no physician available to help him with such a survey. Winslow wrote with such depth and understanding on medical matters that it is not generally realized that he was not a doctor of medicine. Volume 37, August, 1964 The U.S.A. is one of the largest producers of cotton yarns in the world and the national mortality rates for persons dying of respiratory diseases show that textile workers compare favorably with other occupational groups,' (Table 3) In English cotton mills.
Our attention in England was now switched from hypertension to byssinosis which, since it had to be diagnosed on symptoms alone, pre-PER CENT sented considerable technical difficulties in the measurement of its prevalence and severity. I have recorded elsewherew our attempts to overcome the difficulties of diagnosing byssinosis, particularly in its differentiation from chronic bronchitis which is endemic in Lancashire.
It was found in these surveys of cotton workers" that the history of chest tightness on Mondays could be used to diagnose the prevalence and severity of byssinosis, since this history was consistently given by affected cotton workers and almost never by men in other occupations. Ventilatory capacity, measured as Forced Expiratory Volume (FEV 0.75 sec.) and expressed as Indirect Maximum Breathing Capacity (IMBC litres/min.), was found to be lower in workers with symptoms of byssinosis (Fig. 3) ; the diminution being more marked in men with severe chest tightness than in those with milder symptoms. The nearer the workers were to the carding engines, the higher was the prevalence of disease. It was also higher in mills spinning coarse grades of cotton than in mills spinning fine cotton (Fig. 4) . These findings confirm the causal relationship between disease and occupation and reveal that methods of dust control thought to be successful fifty years ago, and universally adopted, were quite inadequate.
Mode of action of dust. The discovery that byssinosis was associated with a permanent impairment in ventilatory capacity led to a study of the acute effects of cotton dust on lung function by measuring the forced expiratory volume (FEV 0.75 sec.) of workers before and at the end of a day's work in a cotton mill. A series of studies show that exposures to cotton and flax dusts that cause byssinosis have an acute and specific effect on ventilatory capacity." This has not been found in other groups of workers. Those with byssinosis have, on the average, a greater diminution in ventilatory capacity during a day's work than those with no symptoms of the disease.
Tests of lung function can, therefore, provide objective evidence of the risk of byssinosis in groups and in individual workers.
The specific effect of cotton dust on ventilatory capacity suggests that byssinosis is not caused by mechanical irritation but by pharmacologicallyactive substances producing either edema or smooth muscle contraction in the airways. Extracts of airborne dusts from work rooms in which byssinosis occurs have been found to contain substances which contract animal smooth muscle and isolated human bronchial muscle. The level of this contractor activity of the dust is directly related to the prevalence of disease, and is likely to be an important etiological agent. ' Conflict of opinion exists as to the mechanism by which inhaled dust affects pulmonary ventilation because of the uncertainty regarding the relative importance of a number of agents in the dust that could cause narrowing of the bronchioles by muscle constriction and/or edema of the mucosa. These agents are histamine, a histamine-releasing factor, 5-hydroxytryptamine, and an unidentified smooth muscle contractor. Histamine and 5-hydroxytryptamine are usually present in such small quan-tities that they are unlikely to be important. Bouhuys has shown that cotton dust extracts release histamine from human lung tissue and that an antihistamine drug-methyl-dilazine hydrochloride (5 mg. orally)-prevented the acute change in ventilatory capacity during a period of dust exposure.
But other workers"n have not confirmed these findings. Thus, we know that cotton and flax dusts have a significant pharmacological action on the airways of the lung but their mode of action is not yet clear, nor has the specific agent been identified.
Epidemiological studies in other countries
In England improved standards of diagnosis and an increasing awareness of the problem of byssinosis led to changes in the compensation scheme that have been followed by a fiftyfold increase in pension awards, and a ninefold increase in recorded deaths (Table 4 ). The absence of any comparable data from other countries led to the belief that byssinosis was a serious problem in England alone and that some other factors in addition to cotton dust were necessary to produce disabling disease. First, the cotton spun in England lies for months in bales in damp warehouses. This might accelerate decay from bacterial or mold action and produce the active substance causing byssinosis.
Secondly, it was natural to incriminate the polluted atmosphere of Lancashire where the English cotton industry is concentrated. Air pollution was believed to be an essential factor in producing the high prevalence of chronic bronchitis in that area.
There were, therefore, very good reasons for studying cotton workers outside England in an attempt to elucidate the etiology of byssinosis and perhaps to reveal an undetected or underestimated hazard.
Surveys in United States and Africa
A pilot inquiry' in two United States cotton mills revealed that in one mill the plant physician had current records of four cardroom workers with byssinosis. In the other, a group of 17 cardroom workers had a significantly greater fall in ventilatory capacity during the shift than 18 Card Room Workers (n=17) men not exposed to dust (Fig. 5) ; one cardroom worker gave a clear-cut history of disabling byssinosis. These results contradict the commonly-held belief that there is no risk of byssinosis in the United States of America.= The acute effects of exposure to cotton dust were also studied in African workers employed in a new mill in Uganda" and in ginneries, where the seeds are removed from the freshly picked cotton by a very dusty process. Language difficulties prevented any useful inquiries about symptoms. An acute effect on forced expiratory volume was shown by the
I workers in the ginnery as well as those in the cotton mill. This indicates the presence of a dust that can cause byssinosis among workers handling cotton immediately after it is picked, and suggests that the decay hypothesis is highly improbable. The finding of disabling cases of byssinosis in the southern states of the U.S.A.' and in Egypt' where the climates are A survey has recently been undertaken in English and Dutch mills spinning similar grades of cotton, but of a higher grade than is usually manufactured in England. Conditions inside the mills were similar but Almelo, where the Dutch mills were situated, is more like a market town in Southern England than one of the characteristically grim industrial towns of Lancashire, with their high levels of atmospheric pollution. The immense technical difficulties in undertaking this type of international survey have been fully reported elsewhere.' After standardizing for differences in age distribution, the prevalence of byssinosis in the two countries was much the same, whereas the prevalence of persistent cough and phlegm (the early stages of chronic bronchitis), was much higher among the English (Table 5 ). The one factor likely to explain these differences was the much higher air pollution levels in the Lancashire towns than in the Dutch town of Almelo. There was less difference in air pollution between Almelo and its surrounding rural area, but when the Dutch workers were separated into town and rural dwellers, the townsfolk showed a higher prevalence of chest symptoms than the country folk (Fig. 6) .
Among the workers with byssinosis, the ventilatory capacity of the English appeared to be more adversely affected than that of the Dutch (Table 6) , although there was no clinical evidence that the disease was more disabling in the English population. This is perhaps not surprising since these were survivor populations, and the disabled English workers were more likely to leave because their industry has been contracting and, unlike the Dutch, they can benefit from a byssinosis compensation scheme. There is recent evidence that in an Egyptian village disabling disease is uncommon* where there is a high prevalence of byssinosis from heavy exposure to flax dust. the nonsmokers or light smokers. No such difference was found among the men not exposed to dust, suggesting that tobacco smoke may potentiate the effects of cotton dust. A further analysis of data from Lancashire mills showed that female cardroom workers who smoked cigarettes had a significantly greater prevalence of byssinosis than nonsmokers, although the latter were older and had had longer exposures in the mills (Fig. 7) . A similar trend was found in the men but there were too few nonsmokers to make any meaningful comparisons.
Multiple causes
There is evidence from the clinical histories of cotton workers that an acute respiratory infection may precipitate disabling disease in a worker with mild symptoms of byssinosis; the extent to which this causes disabilty is being determined in a prospective study of English cotton workers.
While superimposed infection, cigarette smoking, and living in a polluted atmosphere may contribute to the initiation and progress of byssinosis, the dust in the work rooms is generally accepted as the essential cause. Again, the epidemiological method in the form of a clinical-environmental 70 Volume 37, Augmt, 1964 study may be used to investigate the relationship between disease and dust exposure, and to determine safe levels of dustiness.
Disease and dust exposure
The most accurate way of relating prevalence and severity of disease to dust exposure would be to study prospectively a group of workers from their first entry into a dusty trade. Variations in exposure could be measured and the total dust exposure assessed with reasonable accuracy. But since byssinosis takes many years to develop, the quicker but less reliable method of retrospective survey had to be adopted. A group of mills was chosen in which the processes had not changed substantially for 25 years. The air-sampling machines were placed as near as possible to the worker to measure his actual exposure during a work shift. The symptoms of byssinosis were classified as follows:
Grade Y2 -Occasional chest tightness on Mondays. The results of this study are expressed in the form of dose-response curves, calculated by Dr. Roach," the occupational hygienist with whom the investigation was made (Fig. 8) . The relationship between disease and exposure to total dust of all particle sizes is quite clear. There is an increasing proportion of people with byssinosis among those who have been exposed to higher dust concentrations. At a concentration of lmg./M3only the mildest manifestations of the disease are seen, the more severe forms becoming apparent at slightly higher levels of concentration. These results indicate that prevention depends primarily on dust control, and that a concentration of 1 mg./M3 may at present be regarded as a reasonably safe level. A study of cotton workers in Egypt' has also shown that at similar concentrations the acute effects of dust on the ventilatory capacity of cardroom workers were minimal.
CONCLUSION
In the cotton industry byssinosis occurs in all processes from ginningwhich removes the seeds after picking-up to and including spinning and weaving. It is a world-wide problem, occurring as a disabling disease in Europe, Asia, Africa, and North America, and demands a more fundamental approach to prevention than installing locally-applied exhaust ventilation systems which do not eliminate the disease.'M There is evidence from recent laboratory work by Nicholls' that the active agent or agents causing the contraction of smooth muscle are in the pericarp and bracts of the cotton plant and not in the fibres and seeds (Fig. 9) . The task now is to find a way of separating the cotton fibres from the plant material immediately after picking and before it is ginned, and so to eradicate the essential cause of the disease from all processes. I believe that this can be done if cotton manufacturers recognize the risk of byssinosis in their factories and the inadequacy of existing methods of prevention. They must be prepared to pay more for raw cotton, which could not only be processed without risk to the operatives' health but produces a better quality yarn. The initiative will have to come first from the manufacturers who must prevail upon the growers to find better methods of cleaning cotton. There is no country better placed than the United States of America to develop improved methods through its Cotton Ginning Research Laboratories belonging to the Federal Department of Agriculture. They have the necessary resources of money, men, and technical skill.
In a pamphlet on industrial hygiene, addressed to industry by Winslow in 1911, there is this quotation, "My people are destroyed for lack of knowledge," (Hosea iv, 6). Public health has a duty to supply the knowledge by studying the causes and prevention of disease, and presenting conclusions with sufficient authority and precision to induce the community to act in its own interests. It is our lack of knowledge as public health experts that is often the greatest obstacle to the elimination of disease.
